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(54) AIRCRAFT ENVIRONMENT CONTROLLER 



(57) Since the environment control unit for an air- 
plane has such an arrangement that air is (drawn out of 
a cabin 2, oxygen and water molecules alone are sep- 
arated from the drawn air by a selective permeable 
membrane 21 , the permeated oxygen and water is sup- 



plied to the cabin 2 again and the remaining nitrogen is 
supplied to a fuel tank 41 in order to prevent explosion, 
it is possible to reduce an amount of air extracted from 
an engine 1 by farthat is required to facilitate respiration 
for passengers and to prevent explosion. 
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Description 
FIELD OF THE ART 

[0001] This invention relates to an environment con- 5 
trol unit for an airplane, more specifically, to an energy- 
saving control unit for environment such as tempera- 
ture, pressure or oxygen partial pressure in an airplane. 

BACKGROUND ART 

[0002] An airplane is generally provided with an envi- 
ronment control unit for the airplane. The environment 
control unit Is to extract compressed air of high-temper- 
ature and high-pressure from an engine or an auxiliary 
power portion, to regulate temperature and pressure 
with an air conditioning portion and then to supply the 
regulated air to a pressurized chamber such as a cabin 
or a cockpit. The environment control unit serves varie- 
ties of roles such as to control pressure In a pressurized 
chamber to supply oxygen to the pressurized chamber 
comfortable enough for human, to regulate humidity in 
the pressurized chamber and to control air conditioning 
In the pressurized chamber. 

[0003] As the above-mentioned air conditioning por- 
tion, for example, there are the one that comprises an 
air cycle machine and the other that does not comprise 
any air cycle machine wherein the former one that com- 
prises an air cycle machine is so arranged that air ex- 
tracted from an engine is regulated at temperature and 
pressure and the regulated air is supplied to a pressu- 
rized chamber by the use of the air cycle machine where 
a compressor is uniaxially connected with a turbine and 
the later one that does not comprise any air cycle ma- 
chine is so arranged that air extracted from an engine 
is pre-refrigerated with a heat exchanger and supplied 
to a pressurized chamber and the air in the pressurized 
chamber Is further refrigerated by the use of a vapor cy- 
cle machine mainly comprising a coolant cycle circuit so 
as to have a capacity of dealing the maximum air con- 
ditioning load. 

[0004] However, an amount of air extracted from an 
engine and consumed by the above-mentioned environ- 
ment control unit accounts for about 3 percent of usual 
air-flow rate of the engine, which is considered to be a 
serious penalty. More specifically, a hundred-passenger 
airplane requires about 100 (lb./min) of the maximum 
amount of air during the maximum air conditioning load. 
In addition, about 1 % of the air-flow rate of the engine 
is extracted from the engine in order to prevent explo- 
sion due to lightning or short circuit if there exists fuel 
vapor at an inflammable portion such as a fuel tank. This 
penalty of air to be extracted is directly connected to a 
result of deterioration in propulsive force or fuel efficien- 
cy. 

[0005] For a conventional environment control unit it 
is difficult to provide the pressurized chamber with 
enough humidity, which makes passengers uncomfort- 



able such as thirsty. 

[0006] Further, recent trend makes a jet engine highly 
bypassed, which makes it diffrcult to extract a lot of air 
from the engine. 

[0007] In order to solve the above problems the 
present claimed invention intends to provide an environ- 
ment control unit for an airplane which can cut down an 
amount of air to be extracted so as to improve fuel effi- 
ciency and can produce required cooling capacity with 
a simple arrangement. 

DISCLOSURE OF THE INVENTION 

[0008] The environment control unit for an airplane in 
accordance with the present claimed invention is so ar- 
ranged that air of high-temperature and high-pressure 
is extracted from an engine or an auxiliary power portion 
of an airplane, the extracted air is regulated In temper- 
ature and pressure by an air conditioning portion and 
then the regulated air is supplied to a pressurized cham- 
ber and is characterized by that air exhausted from the 
pressurized chamber or air drawn out of the pressurized 
chamber is separated into air enriched with nitrogen and 
air enriched with oxygen, the air enriched with oxygen 
is supplied to the pressurized chamber again and the 
air enriched with nitrogen is supplied to an inflammable 
portion such as a fuel tank. 

[0009] In accordance with the arrangement, oxygen 
alone out of the air drawn from the pressurized chamber 
is supplied to the pressurized chamber again. This 
makes it possible to maintain oxygen concentration at 
a level enough for passengers in the pressurized cham- 
ber to spend comfortably even though an amount of air 
to be extracted for supplying fresh air is reduced by the 
maximum of 30 percent. In addition, it is possible to pre- 
vent explosion in an inflammable portion such as a fuel 
tank without a necessity of air to be extracted exceeding 
the amount necessary for air conditioning, namely, with- 
out deteriorating propulsive force nor fuel efficiency. It 
improves safety of the airplane that air enriched with ni- 
trogen is supplied to an inflammable portion. As a result, 
it is possible to reduce the amount of air to be extracted 
by far without deteriorating reliability of the airplane nor 
confortabillty for the passengers, thereby to improve fuel 
efficiency and propulsive force. 
[0010] Especially, that the air in the pressurized 
chamber whose temperature and pressure has once 
been regulated is utilized makes it is possible to reduce 
a burden for the air conditioning portion by far when 
compared with a case in which the air of high-tempera- 
ture and high-pressure is regulated from the first. 
[0011] In case the environment control unit is provid- 
ed with an auxiliary air conditioning portion that refrig- 
erates air drawn from the pressurized chamber to a cir- 
culation line and supplies the air to the pressurized 
chamber again through the circulation line, it is effective 
if the air enriched with oxygen is supplied to the pressu- 
rized chamber by making use of the circulation line of 
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the auxiliary air conditioning portion. If the air drawn from 
the pressurized chamber to the circulation line is refrig- 
erated by a vapor cycle system, it is possible to reduce 
amount of air extracted from the engine by far. 
[001 2] As a concrete arrangement of an embodiment 
represented is that air exhausted from the pressurized 
chamber or air drawn out of the pressurized chamber is 
separated into air enriched with nitrogen and air en- 
riched with oxygen and vapor by the use of a permeable 
membrane which can selectively penneate a molecule 
by compressing the air. In this case it is possible to keep 
humidity in the pressurized chamber at a suitable level 
so as to prevent for passengers from being uncomfort- 
able such as thirsty. 

[0013] Another concrete arrangement can be repre- 
sented by that air exhausted from the pressurized cham- 
ber or air drawn out of the pressurized chamber is sep- 
arated into air enriched with nitrogen and air enriched 
with oxygen and vapor by the use of a material which 
can selectively adsorb a molecule. 
[0014] in this case it is preferable that a plurality of 
materials that selectively adsorb molecules are provid- 
ed and used by turns. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0015] 

Fig. 1 is a system diagram showing one embodi- 
ment of the present claimed invention. 

BEST MODES OF EMBODYING THE INVENTION 

[0016] The invention will be described in detail with 
reference to an embodiment thereof shown in the ac- 
companying drawings. 

[0017] An environment control unit for an airplane in 
accordance with this embodiment comprises an air con- 
ditioning portion 3 and an auxiliary air conditioning por- 
tion 31 wherein the air conditioning portion 3 extracts air 
of high-temperature and high-pressure from an engine 
1 , pre-refrigerates the extracted air and supplies the 
pre-refrigerated air to a cabin 2 as a pressurized cham- 
ber and the auxiliary air conditioning portion 31 draws 
air from the cabin 2 again and refrigerates it. Next the 
air conditioning portion 3 and the auxiliary air condition- 
ing portion 31 will be described more concretely. The air 
conditioning portion 3 first regulates pressure of air ex- 
tracted from the engine 1 by the use of a pressure reg- 
ulating valve 7 and then heat-exchanges the regulated 
air with open air by the use of a heat exchanger 5 so as 
to pre-refrigerate it and next lowers the temperature of 
the heat-exchanged air with making use of adiabatic ex- 
pansion by means of a turt^ine 8 and finally supplies the 
air to the cabin 2. Water Is separated by the use of a 
water separator, not shown in drawings, when the air- 
plane flies at a low-altitude during summer with a lot of 
vapor. This Is because water is generated due to con- 



densation when the air is pre-refrigerated by the heal 
exchanger 5. 

[001 8] The auxiliary air conditioning portion 31 refrig- 
erates the air in the cabin 2 that has been drawn into a 
5 circulation line 15 by a circulation fan 14 with the use of 
a vapor cycle system 6 and supplies the refrigerated air 
to the cabin 2 again through the circulation line 1 5. More 
concretely, the vapor cycle system 6 mainly comprises 
a coolant cycle circuit 13 that is so arranged that air 
10 passes through a centrifugal compressor 9, a condens- 
er 10. an expansion valve 11 and a vaporizer 12 in suc- 
cession. Alternative chlorofluorocarbon that can provide 
a themrial cycle by making use of phase change is 
sealed as a coolant 16 into the coolant cycle circuit 13. 
And the air in the cabin 2 is introduced into the vaporizer 
12 through the circulation line 15 and refrigerated by 
making use of evaporation of the coolant 16 that takes 
heat contained in the air in the cabin 2. The coolant 16 
that comes out of the evaporator 12 is made to be of 
high-pressure and high -temperature by the centrifugal 
compressor 9 for the coolant 16 that is connected with 
a turiDine 8 through a magnetic coupling 1 7. The coolant 
1 6 of high-pressure and high-temperature is introduced 
into the condenser 10 and then liquidized because of 
heat dissipation due to heat exchange with open air. The 
liquidized coolant 16 is introduced into the evaporator 
12 again through the expansion valve 11 and then va- 
porized since heat is deprived from atmosphere due to 
expansion. The cetrifugal compressor 9 drives with en- 
ergy generating when the extracted air expands in the 
turbine 8 transmitted as driving energy 
[001 9] The environment control unit for an airplane of 
this embodiment further comprises an oxygen extract- 
ing portion 1 9 that draws the air from the cabin 2, takes 
an oxygen and water molecule alone out of the air drawn 
from the cabin 2 and supplies the oxygen and water mol- 
ecule to the cabin 2 again. 

[0020] The oxygen extracting portion 19 extracts a 
part of the air from the cabin 2, compresses it with a 
compression ratio of about 3.5 by the use of an electric 
compressor 20, separates it into air enriched with nitro- 
gen (N2 rich) and air enriched with oxygen and vapor 
(O2 H2O rich) by the use of a selectively permeable 
membrane 21 which penneates an oxygen molecule 
and a water molecule and then supplies the air enriched 
with oxygen and vapor Into the cabin 2 again by making 
use of the circulation line 15. More concretely, the air 
enriched with oxygen and vapor that is introduced into 
the circulation line 15 is mixed with the air in the cabin. 
2 and then refrigerated by the evaporator 12. The nitro- 
gen that does not penneate the selectively permeable 
membrane 21 is Introduced into a fuel tank 41 as air en- 
riched with nitrogen and overflow air enriched with ni- 
trogen is discharged into out of the airplane. 
[0021 ] In accordance with the arrangement of the en- 
vironment control unit for an airplane, oxygen alone out 
of the air drawn from the cabin 2 is supplied to the cabin 
2 again. This makes it possible to maintain oxygen con- 
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centralion at a level enough (or passengers in the cabin 
2 to spend comfortably even though an extracting 
amount of air for supplying fresh air is reduced by the 
maximum of 30 percent. In addition, it is possible to pre- 
vent explosion in the fuel tank 41 without a necessity of 
extracted air exceeding the amount necessary for air 
conditioning, namely, without deteriorating propulsive 
force nor fuel efficiency. To supply air enriched with ni- 
trogen with an inflammable portion improves safety of 
the airplane. As a result, it is possible to reduce the 
amount of extracted air by far without deteriorating reli- 
ability of the airplane nor confortability for the passen- 
gers, thereby to Improve fuel efficiency and propulsive 
force. 

[0022] Especially, that the air in the cabin 2 whose 
temperature and pressure has once been regulated is 
utilized makes it is possible to reduce a burden for the 
air conditioning portion 3 by far when compared with a 
case in which the air of high-temperature and high-pres- 
sure is regulated from the first. 
[0023] In addition, since the oxygen extracting portion 
19 in accordance with the embodiment makes use of 
the circulation line 1 5 for refrigerating the air in the cabin 
2. it Is possible to omit another an'angement for supply- 
ing the air enriched with oxygen and vapor to the cabin 
2, thereby to reduce space and cost. Further, this makes 
it possible to furnish the oxygen extracting portion 19 to 
an existing air conditioning without any complicated 
work. 

[0024] In case that the airplane cruises at a high alti- 
tude, the temperature of the airplane surface rises due 
to heat generated by passengers or electronic equip- 
ment, which will lead the air conditioning into a slight 
cooling mode even at extremely low temperature of at- 
mosphere (approximate minus 60 degrees Celsius). In 
this case, there is no need of refrigerating the air down 
with the vapor cycle system 6. The air that is refrigerated 
by the heat exchanger 5 and the extracted air whose 
temperature is controlled by a temperature control valve 
23 are mixed with by-passed as shown by imaginary line 
in Fig. 1 and supplied to the cabin 2. Needless to say 
the above-mentioned effect can also be produced with 
this arrangement. 

[0025] Concrete arrangement of each parts is not lim- 
ited to the above-described embodiment. For example, 
a modified form of the oxygen extracting portion may be 
represented by that air is separated Into air enriched 
with nitrogen and air enriched with oxygen by the use of 
a material such as zeolite which can adsorb molecules 
selectively. More concretely, a plurality pieces of zeolite 
are prepared. Oxygen molecules alone are adsorbed 
out of the extracted air by the use of one piece of zeolite 
until this zeolite is saturated with oxygen molecules and 
then next oxygen molecules alone are adsorbed out of 
the extracted air by the use of another waiting zeolite 
until this zeolite is saturated with oxygen molecules. 
While the later zeolite is adsorbing oxygen molecules, 
oxygen molecules are drawn out of the former saturated 



zeolite and supplied to the cabin 2 and then the former 
zeolite is waiting until the later zeolite is saturated with 
oxygen molecules. In accordance with this arrangement 
in which a plurality pieces of zeolite are alternatively 
5 used, not only the above-mentioned effects are pro- 
duced but also it can save efforts of compressing the air 
in the cabin 2 prior to separation into the air enriched 
with nitrogen and the air enriched with oxygen, thereby 
to make the an-angement simple. 
10 [0026] In addition, air enriched with oxygen and vapor 
may be made of air exhausted from the cabin, and fur- 
ther, may be made of air extracted from the auxiliary 
power portion. As the pressurized chamber there may 
be a chamber for electronic equipment or a cockpit in 
^5 addition to the cabin. 

[0027] In addition, the air conditioning portion may fur- 
ther comprise an air cycle machine. For example there 
may be represented by that air extracted from an engine 
is refrigerated by the use of a heat exchanger and then 
the air is compressed by a compressor of the air cycle 
machine and refrigerated again and next the air is ex- 
panded by a turbine of the air cycle machine so as to 
obtain refrigerated air and the refrigerated air is supplied 
to the pressurized chamber. In this case also the above- 
mentioned effect can be produced. 
[0028] Further the coolant is not limited to alternative 
chlorofluorocarbon, but may be hydrocartson or ammo- 
nia. 

[0029] The other arrangement of the component may 
be variously modified without departing from the spirit 
of the invention. 

POSSIBLE APPLICATIONS IN INDUSTRY 

[0030] As mentioned above, in accordance with the 
present claimed invention, it is possible to reduce an 
amount of air to be extracted that is required to supply 
fresh air while sufficient oxygen can be supplied to the 
pressurized chamber and it is possible to prevent explo- 
sion at an inflammable portion due to lightning without 
extracting air more than necessary as well. As men- 
tioned, it is possible not only to reduce the amount of air 
to be extracted without deteriorating reliability of the air- 
plane nor comfort for passengers but also to reduce bur- 
den to be owed by the air conditioning portion because 
it can utilize air in the pressurized chamber which has 
already been regulated, thereby to Improve fuel efficien- 
cy and driving force and to improve performance of the 
airplane by leaps and bounds as well. 
[0031] Further, it is possible for an airplane loaded 
with a high-performance engine or a business jet which 
requires less ventilation by nature to reduce an amount 
of air extracted from the engine by far if a vapor cycle 
system is jointly used. 

[0032] If air exhausted from the pressurized chamber 
orairdrawn out of the pressurized chamber is separated 
into air enriched with nitrogen and air enriched with ox- 
ygen and vapor by the use of a pemieable membrane 
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which can selectively permeate a molecule by com- 
pressing the air, it is possible to give suitable humidity 
In the pressurized chamber so as to make passengers 
comfortable in addition to the above-described effect. 
[0033] If air exhausted from the pressurized chamber 
or air drawn out of the pressurized chamber is separated 
into air enriched with nitrogen and air enriched with ox- 
ygen and vapor by the use of a material which can se- 
lectively adsorb a molecule, no compressor is neces- 
sary, thereby to provide the environment control unit for 
an airplane which can produce the above-described ef- 
fect with a simple arrangement and less space required. 

Claims 

1 . An environment control unit for an airplane wherein 
air of high-temperature and high-pressure is ex- 
tracted from an engine or an auxiliary power portion 
of an airplane, the extracted air is regulated in tem- 
perature and pressure by an air conditioning portion 
and then the regulated air is supplied to a pressu- 
rized chamber, 

characterized by that air exhausted from the pres- 
surized chamber or air drawn out of the pressurized 
chamber is separated into air enriched with nitrogen 
and air enriched with oxygen, the air enriched with 
oxygen is supplied to the pressurized chamber 
again and the air enriched with nitrogen is supplied 
to an inflammable portion such as a fuel tank. 

2. The environment control unit for an airplane de- 
scribed in claim 1 and characterized by comprising 
an auxiliary air conditioning portion that refrigerates 
air drawn from the pressurized chamber to a circu- 
lation line and supplies the air to the pressurized 
chamber again and the air enriched with oxygen is 
supplied to the pressurized chamber by making use 
of the circulation line of the auxiliary air conditioning 
portion. 

3. The environment control unit for an airplane de- 
scribed in claim 2 and characterized by that the air 
drawn from the pressurized chamber to the circula- 
tion line Is refrigerated by a vapor cycle system. 

4. The environment control unit for an airplane de- 
scribed in claim 1 , 2 or 3 and characterized by that 
air exhausted from the pressurized chamber or air 
drawn out of the pressurized chamber is separated 
into air enriched with nitrogen and air enriched with 
oxygen and vapor by the use of a permeable mem- 
brane which can selectively permeate a molecule 
by compressing the air. 

5. The environment control unit for an airplane de- 
scribed in claim 1. 2, 3 or 4 and characterized by 
that air exhausted from the pressurized chamber or 



air drawn out of the pressurized chamber is sepa- 
rated into air enriched with nitrogen and air enriched 
with oxygen and vapor by the use of a material 
which can selectively adsorb a molecule. 

5 

6. The environment control unit for an airplane de- 
scribed in claim 5 and characterized by that a plu- 
rality of materials that selectively adsort} molecules 
are provided and used by turns. 
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